Introduction
I analyse the effect of ageing on the demand for non-housing durable goods (henceforth durable goods). One would expect that as people get older, they invest less in durable goods since they have shorter remaining lifetime to enjoy the use value of these goods. However, this relation is not trivial; the shorter remaining lifetime might make the investment in durable goods less desirable. However, the utility derived from some durable goods might increase with age due to longer hours spent at home. Empirical evidence indeed suggests that the demand for some durable goods (e.g. televisions) is increasing with age. Unlike in the case of housing, decisions on non-housing durable good ownership is made regularly, but unlike in the case of non-durable consumption, the decision still has consequences for future utilities derived from the good. Thus, the trade-off implied by higher use value versus shorter remaining lifetime is more relevant in the case of non-housing durable goods than housing durable goods or non-durable consumption. In addition, increasing longevity can have a different effect on the demand for different types of durable goods. I discuss these differences in details in this paper.
With increasing expected lifetime, the expenditures of older people have a rising share in aggregate household expenditures. According to UK statistics (Office for National Statistics (2010)), total household expenditures decrease with age above age 30, but the share of expenditures on household goods and services within total expenditures increases with age. The aggregate share of these expenditures was 6.4% in 2008, but higher for older age groups: 7.4% at age 65-74 and 8.1% at age 75 and above. Focusing on ownership, my aims in this paper are to understand better the age pattern of the ownership of durable goods at age 50 and above, and to investigate how increasing longevity affects ownership. The results extend our knowledge not only to the demand for non-housing durable goods, but also to a study of the welfare of people at older ages.
I will provide descriptive evidence for the age pattern of durable ownership using the English Longitudinal Study of Ageing. This survey hence presents rich information on the ownership and purchases of and expenditures on durable goods. The age coverage of the sample (age 50 and above) makes it possible to focus on the effects of ageing. Although some of the analysed goods have very high (above 80%) ownership rates, the age patterns of ownership and purchases still differ across different categories of durable goods. In particular, there are striking differences in the age patterns of ownership of goods that are leisure complements and require little technical knowledge (e.g. televisions) and goods whose use require good mental and physical health (e.g. computers).
To understand the complex relations between ageing and the demand for durables, theoretical analysis and simulations are needed. Decreasing survival probabilities, declining health and changing preferences are all different aspects of the ageing process, influencing the demand for durables. I develop a life-cycle model which takes into account that durable good ownership is a binary choice. I allow ownership to change every 10 years. The model is based on an uncertain lifetime, taking into account interactions between durable good ownership and non-durable consumption. Hence, it allows the utility weight of durable goods to depend on health and age.
Simulation exercises are then applied to illustrate the model's results. When possible, the simulations are based on standard parameter values from the literature. I will analyse the influence of discounting, health, and of changing longevity on two types of durable goods; namely, televisions and computers. In the Appendix, I will also look at the effects of bequest motives and retirement.
The results indicate that, conditional on the constant annual income (hence spending power) of elderly people, with population ageing we should expect to see increasing demand for non-housing durable goods. This is partly due to increasing longevity and partly due to the higher utility attached to some types of durable items at older ages. Notably, such items are goods that are leisure complements, where the use of which does not require good mental or physical health.
The rest of the paper is structured as follows. I review the related literature in section 2.
Section 3 presents the data used in the empirical analysis, followed by empirical evidence of the effects of ageing in section 4. The life-cycle model and simulation results are presented in section 5. Section 6 then concludes the study.
Related literature
Compared to the rich literature available on the consumption of non-durable goods over the life-cycle and on housing demand, the literature on the demand for non-housing durable goods is relatively meagre, despite their non-negligible share within total household expenditures. The current paper helps fill this gap, focusing on how the ageing of populations affects the demand for non-housing durable goods.
The papers with the closest relation to the current analysis are the ones that look at consumption; in particular, durable goods demand over the life-cycle. Many of the seminal papers that present life-cycle models do not investigate the demand for durable goods. The ones that look at the demand for durable goods generally focus on expenditures, whereas my focus is on ownership. While expenditures are important for the household budget, it is ownership and the consumption service flow following from it that provide utility.
In this sense, my analysis complements the existing literature. For example, apart from performing a robustness check, Gourinchas and Parker (2002) Fernandez-Villaverde and Krueger (2011) present a dynamic general equilibrium model to explain the life-cycle pattern of durable and non-durable consumption. In their model, durables provide consumption services and act as collateral for loans. In this paper I present a simpler model than Fernandez-Villaverde and Krueger (2011) in the sense that I only consider the utility maximisation problem of the individual (household). However, I model the individual's problem in more detail, bringing it closer to real life problems. Among other elements, I allow health to enter the utility function and to affect the marginal utility of consumption and survival probability at the same time. I also include bequest motives in the model. To the best of my knowledge, the paper by Browning et al. (2014) is the only one to analyse the demand for durable goods based on British data. Based on the British Household Panel Survey, they find that the demand for consumer electronics rises with age, while the demand for household appliances is flat. Using an alternative data source and different empirical strategy, my empirical findings on the age pattern of durable goods demand are somewhat different, as discussed in section 4. Moreover, the life-cycle model and the following simulations I present and, in particular, my focus on durable good ownership and its relation to survival probabilities are also novel in the literature.
Apart from the papers cited above, some other strands of the literature also investigate certain aspects of the demand for durable goods. Although related in topic, these papers have less direct relevance for the analysis presented in this paper.
The "early" papers from the 1960s and 70s (Wu (1965) , Hamburger (1967) , Juster and Wachtel (1974) , among others) provide the first models of demand for household durable goods, with a focus on durable good expenditures. While my paper contributes to the understanding of the microeconomic aspect of the demand for durable goods, another set of related studies consists of papers that derive macroeconomic models with durable goods (Ogaki and Reinhart (1998) , Lastrapes and Potts (2006) , Monacelli (2009) , among others).
Other papers look at the dynamics of consumer demand for narrow categories of durable goods. For example, Melnikov (2013) analyses the U.S. computer printer market, while Gowrisankaran and Rysman (2012) investigate demand in the digital camcorder market. In this paper, I focus on age patterns in the demand for certain groups of durable goods, but I do not aim to provide a market analysis or to investigate the choice between differentiated products within a certain category of durables.
Data
The empirical analysis is based on the English Longitudinal Study of Ageing (ELSA), waves 1-6.
1 The ELSA is a biannual panel data set, covering a representative sample of the English population aged 50 and over and their spouses. The first survey wave was conducted in [2002] [2003] . Apart from providing information on a rich set of socioeconomic and demographic characteristics, the ELSA also includes variables related to the ownership and purchase of various durable goods. Here I exclude individuals living in institutions (0.4% of the sample) and those who do not own the property they live at (18% of the sample). The only reason why I analyse homeowners is because in rented properties some durable items (especially the washing machine) might be provided with the property. Thus, the lack of durable ownership might in fact reflect the lack of housing ownership. The age coverage of the survey ensures an appropriate sample size to analyse the effect of ageing on the demand for durable goods.
The remaining sample size per wave varies between 7,700-9,700. The ownership rate of computers declines steadily above age 50, although between the ages of 50-60 year the decline is moderate.
Since the ownership rates of televisions and washing machines are particularly high, one might wonder if the subgroup of individuals not owning the good is a very specific selected sample. In Table 1 , I provide some descriptive evidence that, despite the owner and nonowner groups are different, these differences look reasonable and the average characteristics of the non-owner groups are not extraordinary. In section 4, I estimate the determinants of ownership and purchases by regression analysis, using an extended set of control variables.
The generation of the subjective survival probability indicator is also explained there.
2 As an anonymous reviewer pointed out, the eligibility for free TV license above age 75 could partly drive the increasing demand for TV at older ages. However, the graphical analysis does not indicate that the demand would start rising after the 75-year cut-off point. In addition, extending the regression analysis with a binary indicator of being aged above 75 years does not support the idea that a free TV licence would have a significant positive effect on TV ownership or purchases. Figure 2 : Fraction of respondents purchasing durable items the previous 2 years by age: local polynomial estimator and 95% confidence interval As Figure 2 indicates, there is less variation in the purchase ratios throughout the analysed age interval than in ownership ratios. A slight hump-shaped pattern can be observed for television purchases with a peak around the age of 60-65 years. Computer and washing machine purchase probabilities tend to decline with age, the slope being slightly steeper for computers. The decreasing age pattern of purchases above age 50 is in line with Fernandez-Villaverde and Krueger (2007) and Browning et al. (2014) , despite the fact that their analyses cannot reveal the different age pattern of television purchases. Moreover, they do not analyse the age pattern of durable ownership. 3 As expected, the age pattern of the expenditures resembles the age pattern of the purchase ratios. The differences between the three categories reflect not only the different purchase ratios but also the differences in average price, which is the lowest for washing machine (313 GBP), the highest for computers (607 GBP) and the price of televisions lies in between (550 GBP).
Empirical evidence
In this section, I present the age pattern of the demand for durable goods, cleaning the demand from cohort and wave effects and from the effects of other individual characteristics. The aim is to analyse any residual effect of ageing and survival probability on the demand for durables. This empirical analysis is similar to Browning et al. (2014) and Fernandez-Villaverde and Krueger (2007), although I analyse different outcome variables.
Thus, I focus on ownership and purchase indicators instead of expenditures and I analyse three narrow categories of durable goods, as described in section 3.
The relation of the ownership and purchase probabilities to individual characteristics is presented in Table 2 . The average marginal effects presented are based on pooled probit models. I check them for age (using age dummies), time (wave) to capture aggregate price shocks or technical innovations and for cohorts (10-year birth intervals) to capture technical knowledge or cohort-specific preferences. The use of 10-year intervals to capture cohort effects is a simple but intuitive way to get around the linear interdependency of time, age and cohorts. Since age equals time minus birth year (cohort), the model would not be identified if all three variables were continuous measures. This is a well-known identification problem in the literature (Heckman and Robb (1985) , McKenzie (2006) , among others), while the results can be sensitive to the specification choice. Strong age effects are to be expected due to changing preferences with age, while time effects are important (and indeed statistically significant) because of price and other aggregate effects. Hence, I assume here that the knowledge or preferences captured by the cohort effects do not change continuously with time. With this specification, the estimated age effect shows the effect of age relative to the base age (age 50), within a given cohort at a given year. The main drawback of this empirical approach is that some of the estimated age effects might, in fact, be cohort effects within the 10-year cohort groups. The other explanatory variables included are gender, education level, the quintiles of net financial wealth and equivalised income, indicators of employment and marital status, existence of children, household size, living area (government office regions), whether the respondent reports any difficulties with the activities of daily living (ADL) and instrumental activities of daily living (IADL), and finally, an indicator of subjective survival probability, which is based on a question asking about the chances of living until a target age, where the target age is around 10 years higher than the age of the respondent. 5 Since age and cohort are controlled for, the estimated effect of subjective survival probability captures the effect of the deviation of the subjective expectations from the statistical (life -table) probabilities.
As for ownership, the estimates reveal that a higher socioeconomic status increases the probability of computer ownership, while decreasing the probability of television ownership.
The estimated marginal effects for washing machine ownership tend to be in the middle of the results for television and computer ownership. As for purchases, there are more similarities 5 Here I generate the 10-year subjective survival probability measure following the hazard scaling approach of Gan et al. (2005) . First, I calculate the individual specific index of pessimism (η) which is the ratio between the logarithm of the reported survival probability (s) and the life table survival probability (S) from the current age (t) to the target age (t + a):
I will use the gender specific period life table for year [2004] [2005] [2006] as provided by the Office for National Statistics (2014). To avoid missing values due to the logarithmic function, if s = 0 then I replace the reported zero probability with 1% survival probability. The 10-year subjective survival probability is then calculated as s Table 2 : Average marginal effects based on probit models of durable goods ownership and purchase between the three durable goods: being female has a negative effect, good financial circumstances, while being married and household size have a positive effect. Both secondary and higher education have a positive effect only on the probability of buying a computer. Higher subjective survival probability has a positive effect on the probability of owning and buying a computer, ceteris paribus. At the same time, it has a weakly significant negative effect on the ownership probability of washing machine. The opposite sign of the marginal effects on ownership and purchases does not necessarily imply a contradiction as ownership can result from purchases before the observation period or also from gifts. Replacing a durable good implies purchases while keeping ownership unchanged. In the model of section 5, the relationship between ownership and purchases will be captured in a simplified way. Due to depreciation, durable ownership can remain unchanged after a 10-year period but only if a replacement is made.
The figures 4 and 5 show the estimated marginal effects of the age dummies, conditional on individual characteristics, time, region and 10-year cohort effects.
The partial effect of age on the probability of durable ownership (Figure 4 ) is different from the total age effect (Figure 1) . After eliminating the cohort and time effects and the effects of other individual characteristics, age has a smaller residual effect on durable ownership than the simple descriptive figures suggest. This is particularly true for computer ownership, although a similar effect holds for durable purchases (comparing Figures 2 and   5 ). We can observe some statistically significant positive age effects at the oldest ages in the case of television ownership. Moreover, there is a statistically significant negative age effect around age 60-70 on the ownership of washing machines and above around age 55 on computers. Above age 50 we can observe a U-shaped pattern in the age effect on washing machine ownership, but only a small part of these relations is statistically significant. Overall, the age pattern of washing machine ownership is in-between the pattern of television and computer ownership. The partial effect of age on the probability of purchasing a durable good ( Figure 5 ) is mostly statistically insignificant, although above age 70 we can see a negative age effect on the purchases of all three goods. Statistically, the strongest effect of age on durable good purchases is the negative effect of older ages on the probability of buying a computer. The age pattern of residual durable purchases is different from the results of Browning et al. (2014) , who find a positively sloped age profile of durable expenditures for older ages once the cohort effects are taken into account. Differences in both the empirical specification and the data used can then contribute to the differing findings.
Overall, Figures 4 and 5 indicate that the individual observable characteristics and time effects can explain most of the age variation of durables ownership and purchases. The remaining age variation is relatively small, the strongest age effects can be observed for television (positive effects of higher ages) and computer ownership and purchases (negative effects of higher ages).
In turn, reduced form estimation techniques cannot reveal the underlying mechanisms that shape the age profiles of durable ownership and purchases, as presented in Figures 1 and 2. Therefore, in the next part of the paper I analyse the demand for durable goods in the framework of a life-cycle model. The benchmark model is specified as follows. There is one type of durable good. Individuals have maximum 50 years of remaining lifetime. They maximise their expected lifetime utility with decision variables of non-durable consumption and investment into a durable good. However, to keep the numerical solution of the model tractable, I assume that a decision on the investment into the durable good and on non-durable consumption is only made every 10 years. In the years when no decision is made on investment into the durable good (i.e. years 1-9, 11-19, etc), non-durable consumption equals income.
6 The maximisation 6 While the 10-year frequency of decisions might seem too restrictive, it might be reasonable for the population analysed. For older generations, it is less likely they will replace the durable goods unless a more advanced version is available. Owing to attrition and access to only 6 waves of the data, it is impossible to determine the frequency of purchases empirically. Between 10-25% of the respondents buy the analysed durable goods each wave (i.e. every two years). This trend may be in line with an average of 10-year frequency of purchase decisions. The depreciation guide of United Policyholders (2016) indicates 12 useful years of colour televisions, 8 useful years of automatic washers and 4 useful years of personal computers. The simulations demonstrate how people will decide if they can gain access to the durable good only every 10 years. Simulating the model by assuming more frequent decisions is also restricted by computational time.
problem is:
where t denotes decades, C is non-durable consumption, D is the ownership of the durable good (0 or 1), H is health, W is wealth, δ is the discount factor, and s τ is the probability of survival to age τ , conditional on survival to age 50. The function u(.) is the current utility of consumption, durable good ownership and health, function v(.) is the utility of bequests.
Durable good ownership increases utility due to the consumption service flow provided by the durable good. The maximisation is subject to the following conditions:
While variable D indicates the ownership of the durable good, it is assumed that by the end of each 10-year period the durable good breaks down with probability one and needs to be replaced if the decision-maker wishes to continue owning a durable good. According to equation (2), health is deterministic, depreciating with an annual rate of ξ. This is a simple way to capture that health tends to decline with age. Equation (3) specifies the dynamics of wealth, where R is one plus the annual interest rate, p is the price of the durable good (non-durable consumption is the numeraire) and Y is annual income. Income is assumed to be constant in the baseline specification, but it is allowed to drop after retirement under the simulations of section 6. There is no credit in this model, entailing that wealth cannot be negative. I neglect income uncertainty and the decreasing trend in the relative prices of durable goods (as reported by Browning et al. (2014) ). These assumptions are made to keep the model as simple as possible and to allow me to focus on the effect of ageing through survival probability, health and changing preferences.
The utility function is specified as:
Parameter γ captures the relative risk aversion, and φ the elasticity of substitution. The utility function of Fernandez-Villaverde and Krueger (2011) is similar, although they do not include health and use constant α. I allow the utility weight of the non-durable and durable goods to depend on health and age (captured by t), and on a random element , which is assumed to follow standard normal distribution. In an extension of the model in Appendix C, I also allow the utility weight to depend on retirement status. In the baseline model, I
assume that the utility weight of non-durable consumption increases with health whereas that of the durable good decreases with it. This assumption is based on the consideration that, with deteriorating health, people tend to spend more time at home thus attaching higher utility to the durable goods. I check the sensitivity of the results to this assumption in section 5.2.2. Apart from this multiplicative effect, health also has a direct effect on utility through the additional ηH term. This specification is similar to the one used by Finkelstein et al. (2013) . The utility of bequests has the same parameter of risk aversion:
β is an indicator of the strength of bequest motives. A similar specification is used e.g. by Cocco et al. (2005) . The probability of survival conditional on living up to age 50 is defined based on a modified Gompertz-Makeham law. 7 The modification compared to the standard Gompertz-Makeham law is that health is allowed to influence the baseline mortality: 7 For details on the Gompertz-Makeham law and other widely used mortality models, see e.g. Pletcher et al. (2000) . 8 The model is solved numerically with the GAUSS 13 software. The solution procedure is the following. A random is drawn. Conditional on this , the optimal non-durable consumption values are found for each possible combinations of the 0/1 values of the durable good ownership. As the model is solved for 5 periods, there are 2 5 = 32 such combinations. Based on these solutions, I define the optimal set of durable good ownership. This process is repeated for 50 different values of . 
Simulations
In the following, I analyse the effects of discounting, health, longevity and preference parameters on the age pattern of durable good ownership. Appendix C presents further simulation results related to the influence of bequest motives and retirement.
Partial effect of discounting
Using the model of section 5.1, I will analyse the partial effect of discounting on the demand for durables. The results presented in Table 4 show the total effect of ageing, including the discounting of later utilities, deteriorating health and decreasing survival probability.
To arrive at the partial effect of discounting, I solve the same optimisation problem as in section 5.1 with the difference that health is now constant (ξ=1) and the probability of survival to any age equals the probability of survival to age 51 (at age 50). Hence, apart from a risk in one-year survival, there is no mortality risk in this specification. The age pattern of durable good ownership under this specification is solely due to the effect of discounting and the existence of small bequest motives. It is not due to health, survival probability or preferences changing with age. 9 The results are presented in Table 5 . In conclusion, these results can be compared to the age effects estimated from the data and presented in Figure   4 , which are cleaned from the effect of health, survival probability and other observable characteristics.
If, in addition to the elimination of the effect of health and uncertain survival, the discount factor is set to one (δ=1), then as The simulated effect of ageing is smaller if health and survival probability are kept constant. This is in line with the empirical results that the partial effect of age on durable good ownership ( Figure 4 ) is smaller than the raw age differences in ownership (Figure 1 ). The simulated effect of discounting on ownership is flat up to the oldest possible age when it declines, but to a lesser extent than under the baseline specification. Thus, the big drop in ownership at the oldest ages under the baseline is due to declining health and small survival probability up to those ages. Assuming constant health and no risk of mortality, it is optimal to own the durable good at the oldest ages with the highest probability.
Influence of health
Next, I will analyse the sensitivity of the results to the health-related parameters. I modify the baseline set of parameters in a stepwise fashion and the results are presented in Table 6 .
As the first step, the initial level of health is reduced to 0.5, instead of 1. This modification implies that the fraction of individuals possessing the durable good increases slightly at ages 70 and 80, but at the oldest ages the fraction is somewhat lower than under the baseline specification (with better initial health). This difference is reasonable because, with worse health the survival probabilities are also lower, implying that the expected utility derived from the durable good at the oldest ages is also lower. Setting the direct effect of health on utility to zero (η = 0) implies that a slightly higher fraction of individuals own the durable good at ages 70 and 80.
One reason for this change can be that under this modified specification the durable good (and the non-durable good, as well) has a stronger relative impact on the utility levels than before, implying higher demand. Setting α 2 = 0 has even bigger effects. If the utility weight of the durable good is constant, instead of increasing with declining health then the fraction of individuals possessing the durable good is roughly constant up to the oldest ages, then there is no longer a peak around the age of 80 as seen in the previous specification. Table 6 : The influence of health and health related parameters: fraction of individuals owning the durable good
Effect of longevity on two types of durable goods
The life-cycle model can also be used to analyse the effect of changing longevity on the demand for durable goods. Due to inherent endogeneity in measures of subjective longevity, this effect is difficult to identify empirically. I analyse the effect on two types of durable goods, a "television-type" and a "computer-type" good. The use of the two goods requires different levels of technical knowledge and hence different health levels. Therefore, the age and ω 3 = 0.0795. The original and the lower probabilities of survival, conditional on living up to age 50, are presented in Figure 6 .
In the first simulation, I analyse the effect of increasing survival probability on the demand for a "television-type" good. The utility weight of this good increases with age and decreases with health. The assumption here is that with ageing and deteriorating health, more time is spent at home, which increases the utility derived from having a television at home. The Figure 6 : Survival probabilities conditional on living up to age 50 utility weight of the non-durable good is α t , while of the durable good it is 1 − α t where
As before, t runs between 1 and 5, and is a standard normal random variable. The parameters are selected in such a way that the average utility weight of the non-durables at age 60 is similar as before (equation 5c), which is around 0.82. It then decreases to around 0.24 by the end of the possible lifetime. The rest of the parameters are the same as under the baseline specification. Table 7 shows the simulation results. Compared to the baseline results (Table 4) , the probability of holding the durable good is higher at older ages; that is, it is 1 from age 70 on.
The increasing probability of owning the durable good resembles the age-pattern of television ownership (Figure 1 ), although the observed ownership rate increases monotonically between ages 50 and 90. The simulations also show that higher chances of survival imply higher demand for the good at the oldest ages.
In the second simulation, I look at a "computer-type" good. The utility weight of this type of durable good increases with health and decreases with age. The reasons for this assumption are that mental or physical health problems might limit the capabilities of older individuals to use computers (Pew Research Center (2014) , Rosenberg et al. (2009) ), while older people might be less capable to learn new and fast changing technologies. The utility weight of the non-durable good is now specified as
In this specification, at age 60 α has a slightly lower average value than in the baseline (around 0.8), where it approaches 1 at the oldest ages.
The simulation results are presented in the second part of Table 7 . Compared to the baseline, it is optimal to hold the "computer-type" durable good with a higher probability around age 60; the demand for this type of durable good then drops. This age pattern is reasonable as the utility weight of the durable good is assumed to decrease steeply with age. Re-optimising the model with lower survival probabilities has negative effect on the ownership ratio, the influence of survival probability is bigger than on the "television-type"
good. This effect is close to zero at the oldest ages. As the ownership ratio of the durable good at those ages was already close to zero, there is little scope for further decline. However, if together with increasing life expectancy the understanding of the "computer-type" good also increases at older ages (hence α t increases less with t), then increasing longevity would imply even higher demand for the good at older ages.
It follows from this discussion that the effect of increasing longevity on the demand for durable goods is not trivial. Table 7 : Effect of longevity on the demand of "television-type" and "computer-type" durable goods: fraction of individuals owning the durable good old ages becomes higher, but the magnitude of this increase strongly depends on how the preference parameters change with age. The effect of longevity at the oldest ages is smaller on such a good, which is more attractive to younger individuals mostly due to the required advanced technological knowledge. On the other hand, the effect of longevity at younger ages is smaller on goods for which the demand is so high that ownership is optimal even if the survival probabilities are lower.
Conclusions
In this paper, I analyse both empirically and theoretically how ageing is related to the demand for three representative types of non-housing durable goods; namely, televisions, washing machines and computers. The empirical analysis is based on ELSA, an English panel data set covering individuals aged 50 and above. Although durable good ownership and purchases can be related empirically to age, cohort and subjective survival probability, such an analysis cannot reveal the influencing mechanisms of ageing. Furthermore , ageing can be conceptualised in multiple ways: analysing the effect of approaching the end of possible lifetime, changing chances of survival and deteriorating health can all be considered as aspects of the ageing process. These are then jointly reflected in the age gradient of durable good demand. The theoretical model and simulations presented have thus aimed to capture these complex relations in a simplified manner.
The age pattern of observed durable good ownership and purchases is considerably different from the age pattern once time and cohort effects and the influence of other individual characteristics are taken into account. The strongest residual relations can be seen for computer ownership and purchases, which are higher at younger ages and among people with higher subjective chances of survival.
The life-cycle model presented in the paper is novel in terms of capturing the binary nature of ownership decision and accounting for the substitutions with non-durable consumption, uncertain lifetime, the influence of health and bequest motives at the same time.
The baseline solution of the model indicates that the durable good ownership rate drops at the oldest ages. Simulations indicate that when holding health and survival probability constant, the age pattern of durable good ownership is close to being flat. Higher chances of survival increase the ownership ratio of the durable items. However, the magnitude of the effects depends on the preference parameter assumptions. Hence, structural estimation of the preference parameters is hindered not only by data limitations, but also by the fact that a sufficiently realistic model of durable goods demand cannot be solved analytically.
Overall, descriptive empirical analysis suggests a hump-shaped age pattern of durable good ownership above the age of 50 years. Second, Figure 8 shows the partial effect of age on the ownership of the durable goods.
These results are obtained in the same way as the results of Figure 4 . Conditional on 10-year cohort, survey wave, region effects and individual characteristics, most of the marginal effects are statistically insignificant and quantitatively small. Some positive effects at the oldest ages can be observed on the ownership of freezers and microwave ovens, and negative on DVD players and online-digital TVs. These results suggest that in itself age has a moderate effect on the ownership probabilities of the non-housing durable goods, but the marginal effects of the highest ages tend to be negative on more technically advanced goods and positive on goods that require little technical knowledge and are essential household items.
Appendix B: Two period model I present here the simplest possible two-period model, which is analytically solvable, but can still capture some of the mechanisms driving the results of section 5.1. As much as possible, this simplified model follows the logic and notation of the baseline model.
There are two periods. Utility depends on non-durable consumption and durable good ownership (which is 0 or 1). The durable good depreciates completely from period 1 to 2;
thus it needs to be replaced if the decision maker wishes to own the good in the second period. The survival probability to the second period is s. There are no bequest motives and hence wealth is depleted in the second period. Unless otherwise stated, the notations are the same as in section 5.1.
The maximisation problem is as follows:
Subject to the following constraints:
Initial wealth, income and survival probability (W 0 , Y, s) are exogeneous here. To keep the model tractable, I also assume that the first period consumption (C 1 ) is exogenous - 
where β 1 parameter captures age effect, a positive value implying that the utility weight of the durable good decreases with age.
Due to the linearity and exogeneity assumptions, the optimisation simplifies to the comparison of four utility levels (normalised to the first utility level being equal to 0):
close to one at each period. This probability would be lower if, in equation (14), the nominal value of the durable good were to have a lower weight in the utility of bequest than the remaining financial wealth.
Age Strong bequest motives (β = 1) Bequeathable durable good (β = 0. The empirical results (Table 2) indicate no significant effect of retirement on the ownership of durable items, but a statistically stronger positive effect of around 1% on the probability of television and washing machine purchases. The estimates are insignificant if the transition into retirement is used as a regressor. Although no immediate effect of retirement can be observed, it is still possible that retirement influences the optimal ownership and purchases of durable goods over the life-cycle. To analyse this effect, I run simulations with changing income and changing preferences at retirement age.
I assume that the decision maker retires at age 65. First, I replace the constant income with an annual income value of 4, 077 between ages 50-65, and 2, 446 between ages 66-100.
These income values were selected, such that the pension replacement rate is 60%, and the discounted sum of income is the same as under the baseline specification. Second, I
assume not only that income drops at age 65, but also that the utility weight of the durable good increases at the same time. This assumption can be especially reasonable for leisure goods (television-type durable goods). Under this specification, α1 = 0.9 for ages 50-65, and α1 = 0.76 for ages above 65 (the weighted average equals the baseline value of 0.81).
Again, the model is solved with the assumption that investment decisions are only made every 10 years, while in the other years, consumption equals income. The simulation results are presented in Table 9 .
Age Compared to the baseline specification, a drop in income at age 65 implies higher ownership ratio at ages 70 and 80 than under the baseline. The demand for the durable good does not drop when income drops, which is in line with consumption smoothing. The slightly higher demand at ages 70 and 80 is reasonable. Although the present value of the income flow is the same as before, if lifetime uncertainty is taken into account, then the expected present value of the future income flow is higher here. The income level is higher until age 65 when the survival probability is high, while it is lower above age 65 when the chances of survival are also lower. The higher initial income, together with the non-negativity constraint on wealth, also enable higher expenditures.
If the utility weight of the durable good increases with retirement, then there is a peak in the durable ownership ratio around the age of 80. The increasing pattern of ownership above age 50 and below the age of 90 resembles the observed age pattern of television and washing machine ownership.
